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BACKGROUND OF THE INVENTION 
1. Technical Field 

This invention relates t ■ 

Of inorganic laetal Ehos£haJ^''ox^^^^ composition of aqueous solution 

various additives f or slid co ^xuposit.;;; to oroS.^^^ wollastonite compound; to 
the resxn product; to products manuiaJ^ured^vr ^°rm±ng said resin and 

process. The unique feather of tMs Sentfnn^' ^^^k composition and salS 

resm and temperature increase IfLt ^ ""^ ^^^^ P°t life of the fresh 

controlled so that its pot LL caJ be bft" ^"^1"^ ^""^"^ reaction can be 
magnitude of several hoSrs or longer w^errrf.'^!: "^'^"'^^^ ^° order of 
have good material properties tr,H whereas hardened resin and resin orori,,^*- 
pllular structures'^a^b^ obta?Jed °' "^^^ ^^^^ cellular'^S Ion 

^^SR^^in^-o^sapaaes^B^^ . 

#eS§-^a£a]^i,es, i^sarganic resin „ ^"^^^-^^-^-b-^-W^^s^a.nd-b'iT^ , 

nes between tWe su^T^t tM^^^^'^^^^^^on ^"d 'ft? products' 
technical ceramics. Fresh mix?ure or fhf ^^'"^'^^ and those such as e.g. ^ 
at low temperatures and ea^ to use wLifth^ viscosity, is^storable 

durable, resistant against Jild aS aJ^aclcil^.^ strong, 
^Smams^It is suitable to make "^u^^^^P-Sa^ an^si_a^ig.a,t*h.igh 
lfe.te,.c.o.a^^g^_and inorganic compisIJes tl^T ^^inated, ^adH^fv^e-s^ ' 
-eluding all glass fi^r.^^^^^^^^^^ ^^^J^ 



2. Description of the Related Art 



Wollastonite has been employed not lono t-in,« 

EhosEhate cement compositions Snlv fe! f ^^'^^^ material in 

far, they all have qSick seating characte?i^^''''°C" ^hat field so 

compositions usually occurs at amSie^t c^nnf ^ " • "^^^^"^"^ °^ ^hese 

minutes to ca 10-20 minutes afteffo^^Lna ^" ^ ""^^ f""* ««veral 

'irter torming of the cement, which is 
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prim." ^'teS iTtj; °" P'^""" »S„ 

discloses Tquick sf;. • 3^804, 651 dated Apr^Jg fSv^T^ durability 

The cured binSer .hf °f Phosphate 30?,!;^ ^ ^° Semler 

mixture geL q^LJinnd '"""^^"^"^^^^^ and'Ji^abi.'?? ^°l^--^o-^te . 

material in compositio^ ofaJn^? ° Jeffery L. , Barrall e^ a! h^^m " 
containing wollastonUe rilt^l^"^ ghosphate solution Jnd softd ^ 
the temperature r=>r,^,I i T composition usually .?Pt-« \ solid component 

1988 to^eSfer" L "^Jarrall"'';^'?"^- ""S- PaJ. r7Klf f h"^""'^^ " 

materials by hot n^^f ^ ^^'^^ discloses a method ^. ^ ' ^^ ''^^^^ 20, 
about 85 degree ? unn"^ °^ Phosphate cement composite 

setting. ^^^^^ Pressures, whic^tiferfd::nt^"^e^1 the^'quicf 

probably due fo ^hf f^'^ture keeps flowable no f^^^ °^ life 

compositions Is u^^hT*''' ^^^ting; in terms o?'anDiiL°^^^^°" available 

xs used for purposes which needs guS s'ttrna ^-^-^le 
The inorganic resins of 

temperature increase -i r, T P''^^^"^ invention have a control 1 ^ . 

the hardened Sn siJh'L' ""'^ ^^^e good mateiLf " ^'^^ 

resistance agains? mi^H . L 5°°^ "lechanical strena^h x P5°P"ties for 

high tempera?urrreSitance i""'' ^'^^ ^="tch harS ' 0^^?'"''^' 

fibres including gr:s:iL':;3r"' ^^^^ °tS:r;a?:ria":":ucj\'s^' 

SUMMARY OF THE INVENTION 
The inorganic resins of th 

dihydrogen phosDhat^ h^k '^^^^ °f phosphate such '^^f^^^tive of metal 

its hydrateF^lS^* component B co mprises Lf, K Polyphosphate and 

fibref^ci^ding arasr^'n' ' "-Prises wollastonU; cZo'T°""^ including 
invention to impr^i^maS^f:! introduced ?o thriS^^Janil'''"" "'^'^ 

^-n can be produced ^Te^^-rL^-/-^^^^ 

in^r^i^ - - 3uch as 

range from several minutes to an "d^r adjustable pot life in th 

and correspondingly a setting f °^ magnitude of sever;,! L ^'^^ 

at ambient tempeLLLs Jas^. "^""tes to se^eS J° " 

reaction; while th^ h! J!. ^ controlled temperatur^ °r lonaer 



characteristics s.-nh ^ .u ^^"- "^^^^^^ compositions 2r,H^t - without the 
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-arable, and st;^-.^^^:^^ 

n-^- --1^\\L-ln- ^^^^^^^^ 
known products based on organxc LsiL fi:^!^!'?"'' " °f presently 

wide range of applications, such ^"^^^lonal cements and ceramics in I 

moulded configurations in ^e^Sar ^nH ^^^"fo^ced composite products- 

electrical and/or acoustical iniulaSnS^^hri'"'"^ structures; ^heSf' 
or surfacing agents; patching c^m^osuL^s aSd'^he"^ adhesives; coatings and 

to\':at':f'^;'L:j\;j:,°f r::rn:":f:er'^''^'^ ^^^^ P-cessmg compared 

over m cf the organic -ns^n d^c ^r^™^ 

it: is therefore one obiective nf i-k^ 

nr.^^-K 1. . -Leaiiners and advantages 

Another obiective n-F ^-K^ «yci>. 

~ ^^^^^^^^^^^ 

These and other objectives and advantaaes of i-h» 



DETAILED DESCRIPTION: 

1 DETAILED DESCRIPTION OF THE INVENTION 



The inorganic resins of i-h 

between three components eit^ernh'v'"'''?f'°" '^"""^^ basically by reactions 

combination thereof. Th^'c^^po^en? fi:"';^ separated or mixed or in 

zfrcL"'''^ r'""'"'^ ^""^ the^groSp conlittiTlT^'''^''^'^'' °' '"-tal ehosphate 
zirconium phosphates, magnesium phosoSaJeJ aluminium phosphates^ 

£figg£^lgt£sn:^Si rp^phate s . inc lSa h!^-^ i""" Ell2sehatesf-sfel5r^ 
Should be underst^Sd-&hit-tHe ?em soLtr^r^^r!^^^ thereof, it 

herein to include aqueous reactf^ solution of the component A is used hroLi 

E?2e^ herein includ":s\^^^^^^^^ .^"1^^!.?-^ -eriva?iv:^VSfi^ 



E^l-£hites herein includes all t^erofo'ho.; ^^^'^ derivative of m" 

dihydrogen phosphate . The componSt B LS?^^^ ^"^'^ Polyphosphate and 
Its hydrates. The component C comnH L ^^f^^^^ oxy-boron compound includlnr, 
and synthetic wollastonite, in ScJnid ^^^^^tonite compound including naJura 

resm during the reaction can brc^"?JlieS temperature increase oJ the 

may set at ambient temperatures ^^°"trolled. Inorganic resin of this inv^n^V! 
without applying external '° ^ ^^""9' durable monoliSjc ^asr " 



In accordance with this invention, the 



: the ortho-pho=phorli acid oih.. J'"^ '"^ ~=' "">■>■> concentia 
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water content of the r&?ini-ir^^ 4- 

Phosphoric acid will :iu°a"bKri^%raL°: lt'''\'^ t ^^""^^ the 
P. sub. 2 O.sub.5, in range of 14 to 135 ^Trlt^^ phosphorous, expressed as 

metal Ehosphate select^^f ro^lhe^ro^p^'onsist'jL^oT^?^'^' ^hat 
zirconium phosphates, magnesium phosohat^r ^^^r^ium phosphates . 
Ejl2g£h£tesl iron phosphates. i^clUHlfS^Mfr,,! ^ Phosphates. cal^I^ST - 

C, suitable amount of equivalent .metal oxidfLnf J i the component 

I.e., aluminium oxide, zirconium o^iH= contained m the metal phosphate 

oxide and iron oxide, 'is In J^fr^^ge iA'^^f^r ""J^"' ^'"'^ o-ide, ^EiSlSs^ 
parts by weight being preferred. ° ^^^^s by weight, with 5 to 47 

L"m;o~3\:is b\"c\i:L\t-;nt":irn °^ — ^ - 

resin into a thin mixture thai'^wm Jaisf;.^'''^^'^^^^ ^^^^^ ^°nvert the 
as the wollastonite, which leads Jo an inferiornr^^'"!^ °' particles such 

will not wet the dry particles adequaJeiv tf f^""^" ^"^""icient water 

reaction. The amount of water inSencei ^^^°\the necessary chemical 

components and consequently affects on ?he nor?^f"'^°" °^ reactive 
resin. The optimal amount of water win 51^°^ ^^^^ ^"'^ ^^^ting process of the 
component A and the particular ph^srcaJ char^^.^^^".^"^^ "'^tal used in 

dry particles of this invention e i .H^ K '''-^^'-'^^ °^ the constituents of 
It must be sufficient to a3equaUrv^w;t fh^S^"''^' ^tc. HoSeJer 

wollastonite and fillers and/of nUs lo fT/ r^^^^'^"' ^"^^ the ' 
lOO^f f r'"^ determined ora'bJend ^^ desirable mixture. This optimal 

100 parts by weight of wollastonite ^ basis. With respect to 

used can range from about 8 to JsS n^". k '=°'"P°"e"t C, the amount of water 
weight being preferred. Jhe ^ater content in^'^fc' ^° P-t^ by 

for purposes of calculation, any water S Jvdr^^- "T"^""^ ^^""^^ include, ^ 
component A, B and c. ^ " °' hydration from the compounds in the 

In accordance with this inve.n<- s ^„ .-u 

mixing metal and/or metal oxide a;d/or I^ITT basically prepared by 

derivatives thereof in phospJoric fc^d Z ^^"^Phate including hydrates and 
for a time sufficient to JoS fJ least ^'^f ^°l"tion at a temperature aSS 

s°S -=Pe" ion IS ob?ai:S"^J?::^"^'^\^°^"^^°- ^°-^times 

such as impurities contained in the raw f time mixing due to 

required to remove the undesoJSed po^tLn of f ^ ^ ^^Itration process is then 
the solution. The filtered soluJion ^^i L fmn^f" S ^^"^^^ ^ from 

If It contains desired amount of said ?naLrf ^^^"^ ^° P^^tise this invention 
in molecular level without discrete pai^K n^^f ^ k T^^" solution homogeneous 
be with or Without color depends on^ ^hTj^ij lllllX^y.^'. " 
In general, the component A of this inv^nhs 

types Of phosphate, including bu^not lilted " ' °' 
pyrophosphate, and polyphosphate appear^ I v,^'^" °^thophosphate, 
thereof Exact distribution of the difj^rent'n^" " combination 

the method and raw materials employefJo maL^F^^^ structures depends on 
the solution. However, a transparent soLSn ^"'^ °" the age of 

20. degree, c. is found generally sSffSe^t ^o °^ ^ "°"ths at 

^"^iiled in the art. The comp"enJ A can P"^^^'^^ this invention by any 
liquid, or prepared separately and th!n ! Prepared all together as oL 

prepared separately anS )cep?'repa"^at'ery ^^Ll tS'^se^^ ^"^^ ^ 

L%™ro\~^^^^^^^^ — B Of this invention is 

actively participates inTrr ^t inTLa^^^oT"'^^•/•'^ ^^^-^-^ --Pound 
Of the fresh resin of this invention^Sit^rSh'L^"' th^^p 

t'WL. xire can be controlled. 
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9 The oxy-boron compound used in this inv«n*-- 

compounds containing at least one boi.n ^^""^lly comprises these boron 

oxy-boron compound The oll Ll ^'^""-oxygen linkage, hereafter tem,«H 
invention in ?erms of proSnH IITT^ " '""'^^ ^P-i-^y efLctx^f if fhl 
i:nan 100, degree, c. when free wat^r Sn Ik ' temperature increases to mnr-J 

include, e^g. oxy acids of Soro^ Jhx^h co'nt'r^n'''^"^ ^^-^ compounds 

a, trialkoxy borate and triaryloxv bor^h f ^^^^^ °^ such acids such 

Boron-containIH?Ttartina mater?^f=^^^^ trimetal borate 

contact With Ehls^hate sol^LoS o? Se'co"""'^ oxy-boron iddltfves upon 
oxy-boron com^^^^^TTK situ. ?Se pLferrfn to geSeLte th. 

' In accordance with this invention hh» 

including natural and synthetL";nastonTte""' ' wollastonite compound 

state. Usually the commercially TJan ( calcined or non-calcined 
calcium silicate (CaSiO sub 31 ^ wollastonite is a mineral^f^^ , 

composition of 48.3% JaO and Sl^'^'sirsrh' f^"^^""' with a^Stxcar 
be Classified into two categories of low ^ ^^is wollastoSe can 

Sa\1^rL^^L1^\r-i-^^^ 

ceramic, metallurgical, con;tructi;n\^ T'^'^ ""^^ and fi^^^f 

the present invf^n+--i ^ ^-L-i-asconite . Setting process n-F ■ ^"-"^^^smg 

ay of fbriction and impuriti« of th, ^ril^SnUe*' '"'"'"'l ""ory, 

on ignition of the woll.stonite 1. d„. f„ , 
«l«t. ,c.co..„b.3l. Which i= intlmaJLv r °' co.sub.2 when the 

decomposed into CO. sub. 2 and It t 1^"'°'^"''"' "ith the wolla.tonf ^ 
invention, the less «.ou„t of'^LociajS '^'f"""' P""ls,"J°""'' " 

»S?^.n^-'cL"^ic'aTe\\Sn T'""-^^ 

i?L"-~^ 

in the composition may dist,irh%K "^^^ amount of the cairns t-! 

due to high reactivity be^weeS tJf f^^ component reaction of this fnvfnf^^"' 
component A which ma^ le^Tt^ unLTrlill TeV^' ^hos^ soIS^ror^rt';:" 
way to completely eliminate the caJ rt^f fractions and weak structures nL 
Ca°o :;d'°ro'" t"" ^ ""^^ °f SsS-iSoo^Jelre: ^f!- ^^nnnercial aiaxiabif^ 

ne i,oi value between 20-1000 . dearee r It invention, 

oegree. c. should not be more than 3 
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SranTs\\'tL^'^Lrcf\^r"''^ ''^'^ '""^^^^^"^ - controlling pot 

t^e%::VT.els'lTo :LIT °5 ^--"^ invention' When 

pot life. However, when the qrainsi^e i. L . ° reactive and lead to a short 
is able to participate into ?C JeactLn ^''^k' ""^^ °^ wollastonite 

form backbone of the strCcLre iffn^.^^^- necessary constituent to 

cause the particle sedimen^at^on f^ .!^''^^"^- ''"^^^^ wollastonite will also 
specific graJiJv (abouJ I q> "^^^"^ mixture due to its larger 

cement, thjrjnvei^^on pe;^ts trus^Vr^^'f?'' 1° traditional phosphate 
grain size due to the exte^ed oot 1^^^"°^'^''?""!^ "^'^ relatively larger 
will be decomposed to TsI^islactorJ Sgree"?^ SiSi^r^H^ wollastonite 
wollastonite used as primary reactant i^^^l/ practice this invention, the 
The range of the particJe fLe dIi?rLuM on ^"^^^ ^^^"^ 

product with preferred D^ocirM^t w ^^ r °f having a 

150 -u.m may^Lr^f used^f t'^coSoL'^Z ^"^^^^^ ^-^er than 

to improve properties of the resL p^oduc^ reactive fillers and/or fibres 

:r~e alta": ^^r^^^^ wollastonite used as 

entanglement during mixing wLcrmaJes tJ: T.fna^°AiTT.^^ ^""^ 
aspect ratio is not larger than abouJl 0 whT^w ^ difficult. A preferable 

and the wollastonite sofubil^tj in Se sor^uSn"? L'tfr\^"'i"^'" ^^^^^^^^ 
Wollastonite content of the commercial wot^^o? 5 ^ phosphate , 
more than 90 percent by weLSt J^Uaston^J^ P^°^"=t is preferred to be 

about 10, and/or purit^ lesf thara^^^t 9 'jer^St'brSeiJhf ° 

?h:Tris:nt\^nee^itro^^^^"^ — trr^^JL^c^e^^L^^n^aL^c^relL'^f^" 

^L^Tand-TL-ld^^-e - n^-ci£^^ 

may be composed of the coiponen^A and thf invention, the liquid phase 

composed of the componenrr ?Se 1^1^^ ^'"^°"^"^ ^' ^^^^^ phase may be 

mixed With the component A^ or Sith thfS^ureTrth^ partially 
component B. The remaining portion of ^h^f.^f f component A and 

separately until prior thl Ise io «rJ?? wollastonite compound is kept 

the component A aSd the'comp^nenJVcJn ^rpe^J^r^Id Tt^'Tr "'^'"^ 
time sufficient to form an aqueous solution w^f^f?^^ temperature and for a 
dissolved and incorporated in said k wherein the oxy-boron compounds are 

large particle 3uspLs"o:^rob:ain:d'^Jhirf^;ati:r ^ ^ ' ^^'"^^^'^ ^'^^ 
remove particles larger than 1 mu m f^ZT^v. filtration process is required to 
necessary said components is present . solution-provide that all ' 

In accordance with this invention, setting process of 

present invention can be controlled bv in^..^^ \. ^''°'"3^^^^ resin or 

ratio, water content or tJe componen^V a^.^n^' f"'''' li<J"id/s°lici weight 

manner of changing these paramefe^r w?;^hf ^ ^^^''^ °^ wollastonite. The 

on various fac?ors such as J^f ^f ' "SucJ LsJrn ^ondDination may depend 

utilised, in accordance with^his inJenSn %hf "^^^ °^ equipment 

adjusted by curing temperatures H^aht!^n2; I ^^tting process can also be 
the resin, shorten setling Process aL^^^n "^ ""^^^ increase reactivity of 
other hand; low tempeLjIILre^rrJSucrrea'tivrt: ^-JJ^-^^^-t; on th^ 
the setting process. This provides a l^r^f ^ ^^ ^ ""^^^^ ^"'^ prolong 

manufacture ?he composites'b^^ef ^n ii^rg^anirresr^ o^J^Jhr.:" '° f"'^" 
not possible for the traditional phosS^a?e cements It l^tV'^T^f''' "^^'^^ " 
true scope and spirit of this inv ention i! cements it can be noted that the 
controllable pot life for tSe Jrlsh m?vt- P^^^ide a unique composition with 
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cLe^at l^ent . ^---tion, inorganic resin composition may be fully 

2S degJee^ "thJ resfn of%\"''''" a limited duration. For exan^le, at 
terms'ordeveioped strength' lni^\l7uTurTl ^^rMl^Jv^'Je'^"^?.". "'^'^ ' "^^^ ^" 
take place earlier, such^as when t^e resi^ Lnalit Lts J^i^reLr^ "^T"'" . 
in an open condition or closed rnnrii n r,r, /-^'^^^-^y The resin can be cured 

the resin shows nearly no set^ina sirinJ^.^ wh" ^^'^^^^^i^'^ thereof. Usually 
profile Of any cor.pl iLtl/Ton^^^^^^ ^LT^t^''' conditions, 

have a good surface finish. The Lred res?n has a Sood' r^^?.^ resin products 
in terms of the dimension stahint-w k ^^^s a good resistance against water 

into ".te,, °;re.!:f «\'L"«S'Kp ii:TAi'\it^ jr"°"' 

in principle, the resin products which are obtained do not rea„i r« . 

and may be placed in boiling water without adverse effect TnTlnoraT 

of the present invention can be i„ /"=1'^^^'^^ect. The inorganic resin 

components interact a^d harSen inJo a ^,onn^fK^^''!'^.'=°''^^^"^^^^°"' the 
However, curing and/orposrcCr^^a a? M ^ ''^^^ "^^^ ^ ^^^"^^ =hape. 

might be recommended to'^conve^rJL res^n i^to^T ^""^ "^^^^^ pressures 

resin products are destineS S Ise ft M.h ^! 5^"^^ structures, when the 

conditions. In general, ?he post c^ring'p^ocesTL'n ?;rtS:r'r ^^^^^^ 
properties of the inorganic resin. P^^o^ess can further improve material 

slurry^withoi^s^^ting Being g^a^iL'LTf.'^H ""^^^^ ^^"^^ °- - a 

temperatures, the resin of thi ! f f"^ "P' ^""^^ ^o ambient 

without nega^ive e^JecL on ^TfTr'T ""^^^ ^"^^ reactivity and set 

practise tSis natu" ^s to m^x thf rf P^°P«^ties. A preferred method to 
mixture or slurry aJ the LrLmperfturL'Tr'"''."" '^^^P f^^^h 

the fresh resin for later use Tr^educ^^J ^^ "^^''^ provides a way to store 
handle. By contacting the woTL^^nnff ^^^^ ^""^ "'^''^^ "^in easy to 

With the -y-bpron'cLpSSnrfora^sifLc^^^St^Tlon^ °' phos^ 

of the wollastonite may be decomoosed r^!,^?;^ ^ ' ^^""^^ solid particles 

smaller solid particle^ or evenTo Serene ^o^fd^" a slurry containing much 
resin as a slurry treated at a temperature sufftciSntr^f- i^^^^anic 
setting reaction may be used as a matrix ? ! ^° prevent any 

composite or prepreg in which th^ material to make a fibre reinforced 

said Slurry o? sa^d^prepre^L ^Ln brouaJt^'on' "^^^i-P-g-ted. In practice, 
said slurry or said prepreg respecJiSf?;^ Le ^^^^""^ '^^P^*'^^ °^ supporting 
Shaped product of th^ inor^aniT^esin o^' sa^^ prep^!''''''^^ '° ^ 

aS- -tS ;L-,-h-,-T '^^—^ - -~ 

e.g., polyester fibres, miner;i fibres suCh as S'a ^^^"^^ ""^^ 
fibres and glass fibres such r , ^s, e.g., rockwool, metallic 

between fibL and matrii Is esse;tr.?'; " "^^^ ^ood adhesion 

load from matrix to Sf^bretJ^sLfrf composite materials to impasse the 

composites. With these\d;Lt;ges:\;:rg^^;i: resinf of '?hi^''^''''^ °' 
used to prepare composite materia /^!f^^"t!J^!^."!.°^ invention can be 



used^to prepare composite .ateriais^rei^^o^ed by Lb^er s^cS^^^: 

Aggregate and refractory as long as they do not produce negative effect 
material properties, preferably graded sand of mullite, siLca, mJc" 



1-e., glass 



on 
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to about 90 percent by we^ghJ oJ ?he tolll co^f; • usage^ay range up 

can be used include particLs of cSmpe^enJ " Other materials which 

as granite, basalt, dolomite, ansesT^e ?^ldsn.^ rock-forming minerals such 
gabbro, rhyolite, syenite, dlorJ^e JoieSf^nf^^^^i^^^^^' Py^^^^ne, olivine, 
etc., as well as material^ sucJ as slaa ^v'.^h f ^f^' ^^^^yte, obsidian, 
from corundum production, glass cuUe? wfod P^^^^i^ed coal and that 

as metal fibres, glass fIbLs, organic' frSres airA.r'' f'^^^"" rnaterials such 
to be used at high temperatur;s, re?iactirr?inSrf intended 
tne refractory oxides, carbides n^.^nr^^"" _tf" ."^y ^"'Pl°yed, for 

instance, 

oxide, lead oxide, . chromic oxide zSon.',™ ? ^uch as aluminium 

carbide, titanium nitride, mo^ybden^ disnic^dfan^ ^^1^", silicon 

as graphite, m general, these firj^s caJ ie wfth h- ^^"""^''^""^ material such 
can be both with cellular and non-ceSu^ar ItZ l ^^"^rent particle size, and 
can be used, when desired, incluSiSf St^re^s^^^f :;:;:i3^i^r^^: cfra^^cs"''^" 

J^T:i-t:^~^ r — tlon is strong and 

resin product of present i;::;?i^rhas a'aooS%''''r"^ "^^^"^ ^i^— ^he 
attack, such as freezing (-20 d^g^ee c ^o^'''^^ ^^^^^^^ environmental 

terms of mechanical strength anfSx^ensii^ s?aM?i f -f.^"""- ^^y^^^- 
resxn product of present invention has i!so a ao^H^ 5^^ "^^^^^ product.. The 
attack, such as H.sub.2 SO. sub. 4 solution of n«?.^^^^^^"" against acid 
inorganic resin itself is above degree I Softening point of the 

^^l^^r^ - c resin of 

resistant fillers, suc^a'sf sSc^^'carbS^b^r^f ^^^^"^^^ ^^"-^n 
emery, silica and mixtures thereof" are used ^^^'^'^^um, garnet, 

the resin itself is about 6 Moh in we^ and drv cnnH f T^^'^^ hardness for 

significantly increased to 8 5 Moh or hf^ ^ condition, but it can be 
higher in wet condition when " the abras^ieJLtns^f^ condition, and 8 Moh or 
resin composition. aorasive grains are included in the inorganic 

In accordance with this invention, additives such ^ 

surfactants can be added to the fre.h?^ ^ foaming agents and 

articles with cellular structirefSSi^H?^^'' inorganic resin so that shaped 
produced, in general, carboL^e" arfJhf suSbL''"'' ^^^^^^^^^ be 
foaming of inorganic resin of this invention ^If^^^^^^^^ ^° produce uniform 
also provide satisfactory results Folm^ni ^^^^^"^h other foaming agents may 
from carbonates when conLcJing with aSSf/nh'^^^r'' CO.sub.2 decomposed ^ 
such as MgCO.sub.3, CaCO.sub.S? Tnco sTs f^^^^g^ solutions. Carbonates 
mixture thereof, which produce rerSj^^v lntoi'^S'^ CO.sub.3 and the like, or 
CaCO.sub.3 and MgCO.sub 3 being prefirS o^h ^ g^^^P^ate can be used, with 
CO.sub.3 and K.sub.2 CO.sub.3 whJcf See re?^^'''^"^'^^ ^"^^ Na.sub.2 
may also be employed where leaching o^^Se oJosnJ^i^! ^ Ehosphate salts 

condition is not considered as a problem Thi^fS^ ""^^ Product in wet 

the fresh resin of this invention aranvmom^^ K^"^ ^^^"^'^ ^^^^^ to 

can also be premixed with the coloLn? C o^^^- setting, however, they 

foaming is produced gradually, i^is SLesiL^f /T"''^°"- ^he 
complete foaming. For that reLon, "h^s Iniention ° ^""^ ^^"^"^ P^i°^ to 

traditional phosphate cements to produce cerJu^!^ f ''^f^ advantages over 
extended setting" Furthermore, because of tii iv^ ^^^^""^ because of the 
leaves sufficient time to place tJe fresJ "^^"^ this invention 

n»ki„g cellular structure. The 3Ur5aot«? bf^^ ' ^"'■"ity when 

Of th.. i„.e„tio„, o. added to the ^o'L^^ S^.tJ^^ llt^lTlZlT, ' 
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xnorganic resin of this invention can LS^r.^^J?^^^"'"^^ ^"^^'^ the 

the controlled pot^ife anS letting pro^ss fibrf materials, due to 

produced using available material proJessIn; lu2 ^^^"^^^^^ composite can be 
the spray technique, the extrusion ^hr^f'^H' hand lay-ups 

wherein the resin impregnS^ JJe f iJ^e/rii/"^^^"K^'^^ "^^^ pressing/ ' 

reinforced product. The product bafeH on ^""^ ^^^^^ '"^^^ a fibre 

be strong and tough due L?h ?o thrJesL'^nd'JCictf invention can 
IS generally applicable as inorganL biJSer Jo " °^ "^^e invention 

as coatings and/or surfacing agents suS as T P^!?^^^' ^^^^ but not limited, 
resistance coatings; adhesiJes^sSJh as L binH^^, ^^^i^tance and corrosion 

cements and concretes, such as dental ma^eriaf tl^ ^"''^^^ ^^^Pds; special 
e.g., high strength and low leachate ^^^h various characteristics, 

^^^e^'^:^^^ applied indoors or outdoors to 

restore damaged' surfaSI^. '^?Je ;erirc:rbe'uJ '/"^^"'l ^° "P^^^ and 

construction, roadway patches ^Jd SuI^Hi ^^^^^ °f roadway 
purposes. The characLristJcs of any pa"icSr"''°" ^ ^^^^ ^-^^-9 

depend on weight ratio of the varloL^c^m^o^idf "^^J!"^^! structures formed can 
employed, the curing conditions as iln as o?S; J^^^^^"^^ °^ the aggregate 
between the inorganic resin of this rnventin^ fL ^° 9°°<^ adhesion 

as that based on the Portland cement Thf In ^'^^."ther cement products, such 
structure cracks in slabs, and repaJ; H^lv.^ ^'"^^^^'^ "^ed t; fill 

can also be used in situa^ioS r^'SILnJ iS ^""'"^ ^^^^l^" "^^is resin 

concrete. The resin can be used ?o miJf n^of P^^anent repair of 

cellular and non-cellular strJct^re^ the^m!^ ^"^^s, moulded configurations in 
insulations; light weight products and ^hffu ^l^<=trical and/or acoustical 
resistance, high diele?tri? p^op^^Jtiel IT. ciuuL^rsJ^uc^Jui:: 

— - invention, xhe 

therein, it is intended ?Sat ?he ^pecxfic'^t.f' °5 invention described 

as exemplary only, with the true scone aJd^n?.^!? experiments are considered 
indicated by the claims which follow'^the exaSp^^s.^' " invention being 

^^^^TiZ7^::'L\lZ\rT^ - accordance with 



TABLE 1 



Component A* 



Component B Component C 



Fe . sub . 2 O.sub.3 ' 

0-7 Na.sub.2 B.sub.4 O. sub . 7 . lOH. sub . 2 O 

6.0 Wollasto- 

70.0 

Al.sub.2 O.sub.3 ^^^^ 
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6.3 
ZnO 13.1 
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55.3 
H.sub.2 O 

57.3 
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Calcined 

30.0 
wollasto- 
nite 



31 The component A, exrtr^<zc,^M Kw 

dissolving Fe.s^bTo su^ 3 ^^0': TnlT'"' '° P-Pared by 

and aluminiun, pellets in ex^rf pu^i-quali^v^'to"'.^" ""^""^ ^"^^ ^^^^ -etal, 
water, in 85S orthophosphoric acid sorui^on'b^Tv balanced an,ount of 

until a clear solution is obtained . ^^^mg at about 90. degree c 

temperature of about 20. degree C fo^^ solution is kept at an ambient 
Na.sub.2 B.sub.4 0.sub.7.J?H sub i n """"^^^ The component B 

powder With grain size less"than I0 'mrr^^d''- """"I? " ^sTTry " 

wollastonite of the component c has t ^" ^'^^^ P"" quality. The 

percent by weight of the woJla^tSnitri: S^t '° °^ ^^^^^ -d 99 5 

the wollastonite is calcined at 8 So decree r "'^'^ 70 .mu.m. Part of 

duration sufficient to get all CaCO.- S!r.ecX^^S^^ X^^.t:.! ^ 

P^\-^'Klrt\glh\'r'byT:e'cha;icar XlTTt\t ^ B are firstly 

hours to form an aqueous solution The Li^ 90. degree., c. for about 24 

procedure hereafter. ^^^^^ ^^^^^ composition and basic preparation 

33 EXAMPLE 1 



34 



Examples of controlled not l i • • . 

j-wxj.eu pou life and initial c;f^hh-iv»^ 4- • 

aiciai setting time are shown in Tab. 2. 



TABLE 2 



Component 

Component B 



A 



Initial 



Na.sub.2 B.sub.4 O.sub.7.^10H.sub 2 o 

Component c 

Pot life* 

set time 



see Tab.l 
0 



see Tab, 1 
2 

see Tab.l 
4 

see Tab.l 
6 



see Tab.l 10 min. 

20 min 



see Tab.l 20 min. 



1 hour 



see Tab.l 30 



min 



10 hours 



see Tab.l 2.5 hours 

17 hours 
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see Tab. 1 
10 



see Tab.l 7 hours 

24 hours 



d^^tion in which the resin keeFs flowable 



20. degree. C. in a covered coJSiiLn ^"^^^"^ temperature of about 

that pot life Of the resin c!n cSntrSll^rii'^h'^T ^^'^'^ illustrate 

extended setting of the resin can be o^^^J ^J^^^^^^ setting and 

The pot life herein means t^e Su^atLn .n which^'tf ^J'^^k °' '^^^ component B. 
The composition without the borax has a nn^ t^ ! ^""^^^ ''^^^^ ^^^P^ flowable. 
too short to further add fille" o^ ?ibr^f of only 10 minutes which is 

nuxture increases to more tJan 10? dfjree 'c dnf temperature of the 
almost instantly. On the other hand ?Je resins of "^. '"^ ^^^"^'^^^ ^^ts 
temperature increase and thev are f f °^ this invention induce less 



temperature increase and thev are abl^r^ h^!!^ ^^^^ invention induce 1 
component B is used, less ^emp^ature increS'mJ^f 

longer initial setting will be. Further mfr^ ,' extended pot life and 

invention have good surface finish inorganic resins of this 



36 EXAMPLE 2 
37 



.nd initial setting of abo" n ho™".rjrH^" * 2-5 houL 

The resin ,et. slightly „,r. durj^g'sejtl^g p^Sss " ""ciition. 

18.4 MPa, flexural modulus of 13 TcPa wh^n J T ^^^^^^e bending strength of 

'TttiitToT''' IdCius'^S f opa-whi;^" ^ 

water at 20. degree, c. for 3 days. immersed into 



3 9 EXAMPLE 3 
40 



Two laminates are prepared hv i 

the resin made from sLTbaL'c Lln^'o'Zsi''^ "^'^'^ ^"^^ ^--ate is 

procedure, that of the second iS^ateTs th^ri '"^""'^ preparation 
IS made with 4 layers of the sarnHn^diiec^Jon^? f'^"- "^^^^^ °^ laminates 
laminates are cured at an ambien? ^emDeJat^.r ^ ^"^l^^^ ^^^^^ '"^t. The 
covered condition and then posJcur^S^t 60 LoJ " ^0. degree. C. for 24 hrs in 
uncovered condition. 60. degree. C. for another 24 hours in 



TABLE 3 



V sub f JjLin ^^dulus E.sub.f V.sub.f 

v.suD.r strain load GPa gp^ 

N 



Matrix vol % % 



GPa 



measured 



calculated 



Inorganic 

14.0 

resin* 
Polyester 

22.6 



1-90 7388.9 10.2 10.6 



1-91 8659.4 17.8 
-inorganic resin of this IK^^iKtl^ 



17.2 
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Results of tensile test are shown in the T;:»h ,,v,^ 

value Of the strain measured by^train aauae'o; T " """" 

V.sub.f is the fibre volume frac^S E^,^h% " .1 ^^^^^ °^ samples; the 

fibre. The E.sub.f v sub f is cafnn^^hL modulus of the glass 

observed that, for bo?h ifmiSat^i ^^^^"9 E.sub.f =76 GPa. it is 

transversal to the fiJre dr^eJ^o; l.t^" ^^^""^^ spreaded uniformly 

delamination occurrff b^^f^re^^JJi^^ rupt:re'\%'"?hTjib'r:s^'^' ^"^^ ^^^^^ "° 



42 EXAMPLE 4 

43 The resin has said basic 



:omposition and made bv said hscii,. r^v^^=_ 4. ■ 
procedure. The hardened resin is subiected to J Preparation 

C.) /thawing (20. degree, c. ) cyJLs for 5n^f° the freezing (-20. degree, 
dimension change and cracks. ' ^'^^ "'^^^ ^^ows no noticeable 



44 EXAMPLE 5 
45 



pr:c:::i:.';^J:L'nar2lo^::^t°:':i°" ^Z'' "-^'^ ^^^^ ^^^^^ preparation 
filler, curing L'Te^f orLri^ra^'o^e^re'S'mo^'ini'a: "™ ^^^^^ ^ 

20. degree, c. for 7 days, then demou^Sed and f.f^ ^"^^^^t temperature of 
condition for 3 days. Scratch ha rrin^tf and left uncovered in the ambient 
about 8.5, and theL if notSle cracrL'n''''^ °' hardened resin is 

in H.sub.2 SO.sub.4 solution pH^J 5 Suring 14 SaJ^"" "'""^^ ''^^^"^^^ 



4 6 EXAMPLE 6 
47 



The resin has said basic composition and is made bv s^iH • 



4 8 EXAMPLE 7 
49 



Composition of a foamed resin of this invf^ni-H^., ^ 

by said basic preparation procelre T^e s'rJactint'f"- "^^^ 
IS E-glass fibre. The MgCO sub.3 is added tfth!" ^t"'' stereate, the fibre 

being mixed. Mixture of this comDoIitfnn ^^^^"^ "^^^^ ingredients 

C. without applying external heJf ^Je ?ofmed%^"''"^^^^ ^"'^ ^^^^ 20. degree, 
density of about 350 Kg/m. sup . l\Vh\%^rSrr::L\\;u\^?C;e:"" ^ '"^'^ 



TABLE 4 



Component A* 



Component B Component C Additive; 



Fe.sub.2 O.sub.3 ' 

0.7 Na.sub.2 B.sub.4 O.sub.7 

2.0 Wollasto- 

100. 0 



.lOH.sub.2 o nite 
Al.sub.2 O.sub.3 
4.3 



MgCO . sub . 3 
5.0 



Surfac- 

1.0 



ZrO.sub.2 ^^"^ 

ZnO 13 1 ^^^^ ^^-^ 

Fibre 0.5 
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P. sub. 2 O.sub.5 

55.3 
H.sub.2 O 

57.3 



analytical result 



CLAIMS : 



What is claimed is: 

2. The composition accordina tn r-i^-im i u 

selected from the group consi^tina oJ T""""" P^^^phate is 

£h-Ehate, magnesir^y^SI^J^^^Lc phos^J^^iT ^^^^^^ zirconium 
phosphate, and mixtur es thereof . Phosphate, _ calcium phosphate, iron 

3. The composition accordina to r^ias™ i ..u 

selected from the group consistina h' oxy-boron compound is 

alkali metal and aJkaJine^e^r^rmet^l sTll'ofT ""^ ^^^"'"^ 

an amine and ammonium salt of boric acJd anS hSn ^ ^""tt hydrates thereof, 

thereof. ^^^^ hydrates thereof, and mixtures 

4. The composition accordina to claim ,.,h^v-=- 

selected from the group consisting k' oxy-boron compound is 

borate and hydrate? ^^er^oJ'aSionium boSte'^^d hC2 T"'"^ 

borate and hydrates thereof,' and ^xtuiif^er^of ' ^^^^^^^ 

5. The composition accordina tn <-ia-im q ,u 

present in a powder or liquid fom '"'^ oxy-boron compound is 

6. The composition accordina to ni^-im i u 

a natural or synthetic wollastonite in^rt"":; '^'^ -^^-tonite compound is 
combination thereof. -^^astonite, m calcined or non-calcined state, or a 

per'Joo;T?t°s"bT:eightTf^:: ^^^^^ I' ^^"^'^ -'"Ponent . comprises, 

pure calcium siLcatennlairlrL^^L^rJe'c^mpTnr ^^^'^"^^^^^ ^^^^ °^ 

said metal phosphate in an amount that contains 14 to i-,^ 

phosphorous pentoxide and contains 14 to 135 parts by weight of 

2 to 65 parts by weight of metal oxide. 

8. The composition accordina fo r-ia-im t u 

cording to claim 7, wherein said component A comprises: 

said metal phosphate in an amount that contains ?4 to «^ . . 
phosphorous pentoxide and contains 24 to 86 parts by weight of 

5 to 47 parts by weight of metal oxide. 

9. The composition accordina to ^-1=.^™ i w 

composition is from 8 to 150 oarti ^'.^^erein a water content of the 

wollastonite compound calculaf^f :n a T.lf^\ri ^f^'^ ^^^^t of said 
wollastonite compound. °^ P"" calcium silicate in said 

10. The composition accordino to r-i^i™ a 

to 95 parts by weight. ' ^^^er content is from 11 
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11. The composition accordina to nlaim i r.u 

present, calculated on an anhvdroui^r,, "^"^ -o«>Pound is 

weight per 100 parts by weigK L^d iolj ^2^""- T^""'' °' 50 parts by 

basis Of pure calciu. ^iliJte' Ht", Zii^^ co^und'. "'^"^^^^^ °" ^ 

c\"cui\eTL°in"a\\;drt^r: "r:r"' r-"" ^^^^ ^'^^-^-^ -^p--^ 

weight. ^ present in an amount of 2 to 20 parts by 

13 The composition according to claim 6, wherein a oartir-i^ ■ 

ratio of the wollastonite are not larger than JJn J I ^^P^^^ 

larger than 150 .mu.m and 10 respectively. 

14. The composition accordina tn f-iriim i u ^ 

selected from the group co^L's tin ^fi^rrf \' f^e" 'T^'^^^ ^^"^^^^^ 
surfactant, a pigment, and a combination thereof ' ^ agent, a 

15. The composition accordina to claim i^i ■ 

stearate. ^ "therein said surfactant is zinc 

16. The composition according to claim ta ,,k 

carbonate, in a powder form or in an L '^^'^ ^^^'^t is a 

consisting of calcium caZnaL m^gneSrca'h'''^^"' '"'"'^^^^ ^^°"> ^he group 
potassium carbonate, and a combination J^ereoJ"' carbonate, 

17. The composition according to claim 14, wherein said fin 

derivative thereof. wnerein said filler is silica or a 

18. The composition according to claim i/i .,v, • . 

selected from the group consLtina ^f m . Z^"!"'" ^^"'^ additive is a fibre 
inorganic fibre. ^ ^ consisting of metal fibre, organic fibre, and non-metal 

19. The composition according to claim 1, in the form of a cured shape 

20. The composition of claim 18 in the form of a cured, prepreg shape. 

21. The composition of claim 18, wherein the fibre is glass fibre. 

22. The composition of claim 20, wherein the fibre is glass fibre. 

c^-p^^enTra- o^-b^ron^d^ ^s^ 
which process comprises: "'P°""'*' ^= component C a wollastonite compound, 

~it :"eteL\":r°:\nf fir: - r"ff^^^ -~ 

solution, ^""^ ^ time sufficient to form a further aqueous 

contacting said wollastonite compound with the furfh.. 

a slurry, and further aqueous solution to form 

* 

applying said slurry on a <?iir^=,r.^ 

cured Shape of the Lo^ga^ic^^^"; "^po^^i^tLl' ^'""^ ^^^^ ^° ^'^^ ^ 

si"r:rar:^^::rf s\fiic"e"tirio:'L" — --^ -id 

being brought on said surface ^ "^'^'''^ ^ setting reaction before 

25. The process accordina to claim o-i • 
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and/or metallic fibres. 

26. The process accordinq to cl;,im . 

y sets to the for. of a cured, fib.e Sn^Jrcershape""^' '^""^^^ 
27 The process according to claim ?^ . ■ 

-tal, organic, or inorganic Lte'iai; ^"^^^^ - --Prised of 

28. A process for preparing an * 

mixing said component A c^^iri 

^ said component b - 

^ '^nc B, said component C to form a =i 

impregnating fibres with said .1, 

with said slurry tb form a prepreg, 

maintaining said prepreo at- = <- 

' t«np.«t.„ .u„i<:u„tl>, low to p„„.„ curin, 

applying s«ia pr=p„g „„ , surf.™ ,h., 

29. A ««h„H . ""^"9 -"ape. 



Wherein the 



29. A method of usina an • "^""^^ ^""^P^" 
said composition as ! Tin2T^"T" composition comprisina in. 

ox1-\'or°o"n^'o;;p^\^,»^ -ntainL^g phos^phTrL^^J/^r ^^^c 

mpound, and as component c a wollastonf^ component B an 

7, ^. "°J-J-astonite compound 

30. A method of using an i ■ 

a fibre selected ?rom t^^^ compound, and which comJosIffZ^ ^^"'Pound. and 

non-metal inorganirjib^e ^^^S =°"=i-ting of metarjibre orn ""'^^^ comprises 
prepreg shape Into J^^^ ^^^^^^ ^^^^^^^^ 

31. The method of ri^-im on 

i^-u ui Claim 30, wherf^in i. 

' '^"erein the shaped form h;:,c. ^ * 

^ "^"^ ^ foamed structure. 
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